[1] A survey of thermal plasmas and magnetic fields is presented for the orbit of the Galileo spacecraft around Jupiter that occurred during the period May 4 through June 22, 1997. This orbit traversed the magnetotail out to Jovian radial distances of 100.2 R J in the magnetotail. Perijove was positioned at 9.3 R J . Three primary ion populations were detected with the plasma analyzer: cool hydrogen ions with temperatures of 10 eV, hot hydrogen ions with temperatures of $10 keV, and a third population of heavy ions such as O ++ , O + , S ++ , and S +++ with temperatures in the range of 500 eV. Plasma flows near perijove were in the corotational direction but with speeds $60% of those for rigid corotation with the planet out to radial distances of $18 R J . In the radial range of 18 -26 R J there were significant radial components for the bulk flows, and the flow components in the corotational direction reached values expected for rigid corotation when the current sheet was crossed. The transient character of the plasma parameters suggests that strong ion plasma acceleration is occurring in this region. The temperatures of the heavy ions increased from 5 Â 10 6 K at 9.3 R J to $10 8 K at 26 R J . At distances <20 R J there is a strong dependence of ion temperatures on System III longitude. The scalar magnetic field outside of the current sheet in the radial distance range 9.3-20 R J varied as R À2.78 and similar to that for a dipole field, and at distances >50 R J it varied as R À1.19 . The thermal plasma pressure in the current sheet is a factor of $10 less than the magnetic pressure at 9.3 R J at positions above or below the sheet but becomes equal to this magnetic pressure at radial distances >30 R J . The corresponding values of the ratio of the plasma to magnetic pressure, b, are in the range of 10-100 in the current sheet. The number densities and temperatures of these plasmas are 0.05-0.1 /cm 3 and 0.5 -1 Â 10 8 K, respectively. In the magnetotail the bulk flows of the thermal plasmas exhibit substantial components in the corotational and radially outward directions, but the bulk speeds of 50 -200 km s À1 are significantly less than those for rigid corotation. For this single orbit the average bulk flows were $50 km s À1 in the premidnight sector and 200 km s À1 in the early morning sector at radial distances >$50 R J . At apojove of 100 R J an antisunward flow of $200 km s À1 is found that is supportive of the magnetospheric ''wind'' reported for Voyager measurements of energetic charged particles. The 10-hour periodicity of the pairs of current sheet crossings at the position of the Galileo spacecraft includes a variety of dynamical signatures, which are suggested to be due to the changes in direction and pressures in the solar wind and due to the transient acceleration of plasmas in the current sheet.
Introduction
[2] Observations of magnetic fields and charged particles have been previously acquired during the flybys of Jupiter with Pioneer 10 and 11, Voyager 1 and 2, and the Ulysses spacecraft. The Galileo spacecraft is currently in orbit around this giant planet and continues to return fascinating measurements of plasma phenomena in various regions of its magnetosphere and near its moons. It is the thermal plasmas in the Jovian magnetotail that are the primary interest of this paper.
[3] The first in situ observations of magnetic fields and charged particles were gained with Pioneer 10 (arrival year: 1973) and Pioneer 11 (1974) . These measurements showed that Jupiter's magnetosphere is the largest entity within the heliosphere and is populated with extremely high intensities of charged particles. The dynamics of this magnetosphere is dominated by its size and its rapid 10-hour rotational period. Unlike Earth's magnetosphere, which is influenced in greatest extent by the solar wind, the Jovian magnetosphere is distorted into a disk by the forces associated with the high internal rotation speeds. Overviews of these early findings are offered by Smith et al. [1976] for the magnetic fields and by Van Allen [1976] and by McDonald and Trainor [1976] for the energetic charged particle distributions surrounding this planet.
[4] The second wave of exploration of the Jovian environment was provided by Voyager 1 and 2 (both in 1979). Like the trajectories of the Pioneer spacecraft, the Voyager spacecraft entered the Jovian magnetosphere on the dayside, passed near Jupiter in its dusk sector, and exited during local morning. The in situ plasma measurements during the inbound segment of the trajectory, together with the remote spectroscopic observations, firmly established that Jupiter was encompassed by a plasma torus, which is fed by gases from the volcanoes of Io. These measurements of the plasma torus have been reviewed by Bagenal [1994] . An overview of the plasma observations during the entire Voyager encounters is offered by Belcher [1983] , and an overview for the more energetic charged particles is offered by and Schardt and Goertz [1983] . A companion survey of the magnetic fields along the Voyager trajectories is given by Acuña et al. [1983] . At this point it is important to note that thermal plasma observations in the magnetotail were not acquired by the Pioneer and Voyager spacecraft. The fields of view of these plasma analyzers were directed toward intercepting the solar wind, their principal objectives during their journeys into the outer solar system. For this reason, the plasma instruments were generally viewing in directions away from that of the corotating plasmas when the spacecraft exited through Jupiter's magnetotail. It is the measurements of such thermal plasmas that are a primary objective of the Galileo Mission.
[5] One further flyby of Jupiter occurred before the arrival of the Galileo spacecraft, that of Ulysses (1992) , in order to greatly increase its heliocentric orbital inclination for the ensuing passages over the Sun's poles at lesser distances. Thus the Ulysses inbound trajectory was similar to that of the Pioneer and Voyager spacecraft, but the outbound segment passed at high magnetic latitudes through the Jovian duskside magnetosphere. Thermal plasma measurements were also taken during this encounter. A mixture of solar wind ions and heavy ions from Io were dispersed throughout the magnetosphere [Geiss et al., 1992] , and large intensities of low-energy electrons were detected at the current sheet crossings [Bame et al., 1992] . Two energetic particle instrumentations, at a combined range of $0.1 -1 MeV, were used to infer convection speeds of the thermal plasmas as generally being near or below those expected for rigid corotation for the inbound pass and were used to demonstrate the existence of field-aligned beams during the high-latitude outbound passage [Lanzerotti et al., 1993; Cowley et al., 1996; Seidel et al., 1997; .
[6] The Galileo spacecraft arrived at Jupiter in December of 1995 to begin its marvelous orbital tour of this giant planet. Among the fascinating discoveries are a ''minimagnetosphere'' at Ganymede , an ionosphere at Callisto [Gurnett et al., 2000] , intense electron beams at Io [Williams et al., 1996] , and direct detection of ions in Io's ionosphere [Frank and Paterson, 2001a] . Of present direct interest are the topology and dynamics of the plasma torus and its extension into the plasma sheet. Energetic particle bursts that are reminiscent of substorm phenomena in Earth's magnetosphere are detected ]. Temporal variations in Jupiter's magnetosphere that exhibit quasiperiods of several days are also found [Vasyliunas et al., 1997; ], but their cause is not yet identified. Russell et al. [1998] report the existence of patches of strongly northward and southward magnetic fields at distances >50 R J in the magnetotail, which may be the signatures of magnetic reconnection which are convecting tailward. Frank and Paterson [2001b] report in situ measurements of thermal plasmas in the torus that show that there is an ''active sector'' with greater latitudinal extent that is corotating with Jupiter. These investigations represent only the initial, as yet seemingly disconnected ingredients for a comprehensive understanding of Jupiter's remarkable . E/Q spectrum of positive ions in the direction 13°r elative to the plasma bulk velocity at 1413 UT on May 6, 1997. This spectrum is fitted with the velocity distributions of three M/Q species of heavy ions, together with that for hydrogen ions as identified in the legend.
magnetosphere. The present report provides an overview of the first measurements of thermal plasmas in Jupiter's magnetotail.
Instrumentation
[7] The Galileo fluxgate magnetometer (MAG) comprises two boom-mounted three-axis sensor assemblies. The outboard sensor is positioned at 11.03 m from the spacecraft spin axis, and the inboard sensor is positioned at 6.87 m from this axis. This magnetometer is described in detail by Kivelson et al. [1992] . The dynamic ranges of the outboard magnetometer are ±32 and ±512 nT. These ranges are ±512 and ±16,382 nT for the inboard sensor. Flipper mechanisms are included in the sensor assemblies for calibration of the offsets. Magnetic vectors averaged over 1-min intervals are used in the present investigation.
[8] The plasma instrumentation (PLS) on board the Galileo spacecraft is composed of spherical-segment electrostatic analyzers, which are capable of measurements of the positive ion and electron velocity distributions over the energy/charge (E/Q) range of 0.9 V to 52 kV in 64 passband steps. Three miniature magnetic spectrometers are also positioned at the exit apertures of the ion electrostatic analyzers in order to determine the mass/ charge (M/Q) of these ions. The PLS has been previously described by Frank et al. [1992] . The fan-shaped field of view of the electrostatic analyzers is divided into seven segments with multiple sensors. Electronic sectoring of the responses of the sensors according to the phase of the spacecraft rotation then allows the three-dimensional determination of the velocity distributions of the positive ion and electron plasmas, i.e., coverage of 80% of the 4p-sr solid angle for arrival directions of charged particles at the analyzers. Most of the coverage of the orbit shown in Figure 1 was acquired at the low-rate telemetry rates, which were transmitted in real time to Earth. These are known as RTS modes. There were two such modes used during this orbit. The most frequently used mode was RTS0 for which seven sensors were sampled in four azimuthal spin sectors in 14 E/Q passbands for each of the positive ion and electron velocity distributions. Every fourth passband in the passband step range 11 through 63 was selected for an E/Q range of 7 V to 53 kV. The total number of samples was thus 392. The time resolution for these measurements varied according to the available spacecraft telemetry rate. The slowest time resolution was 12 min. The second RTS mode, RTS4, sampled the 7 sensors in 8 azimuthal sectors and 16 E/Q passbands for a total of 896 samples of the velocity distributions. The total amount of data recorded in this mode was $24 hours during this orbit. Every third passband was sampled in the step range of 18 to 63, corresponding to an E/Q range of 24 V to 53 kV. A high-rate segment of data was provided by the tape recorder during 1300 -1525 UT on May 6, 1997. For these high-resolution data the velocity distributions of the positive ions and the electrons were each acquired for 7 sensors, 8 azimuthal sectors, and 24 E/Q passbands spanning the E/Q range of 8 V to 52 kV, all in 60 s.
Observations
[9] The plasma and magnetic field measurements for Galileo orbit G08 during May 4 through June 22, 1997, are presented here.
The G08 identifies the close-targeted flyby of one of Jupiter's moons, G for Ganymede in this case, during the eighth orbit of the spacecraft around Jupiter. This orbit in Jupiter-centered solarecliptic coordinates is shown in Figure 1 and was positioned near the ecliptic plane. Apojove was at a Jovian radial distance of 100.2 R J (Jupiter radii) and local time 0121 on June 2 with perijove at 9.3 R J on May 8. Each day is denoted by a dot in Figure 1 , and the total duration of this orbit was $50 days. During an interval of $2 days on May 4 and 5 there were no measurements of the magnetic fields. The rest of the orbit was almost completely covered with real-time telemetry transmitted to Earth from the spacecraft.
[10] In order to compute the ion plasma moments it is necessary to determine their mass/charge (M/Q). Then these moments can be calculated from the measured three-dimensional velocity distributions of the positive ions [Krall and Trivelpiece, 1973] . The M/Q spectra of the positive ions could not be directly determined with mass spectrometers because (1) their fields of view were not in directions of the ion bulk flows when the ion densities were above their thresholds during a several-day period centered on perijove or (2) the densities were below the spectrometer thresholds for the rest of the orbit. However, the responses to hydrogen ions with the energy/charge (E/Q) analyzers allowed a sufficient determination of the M/Q for the heavy ions.
[11] An example of such a measurement at 1413 UT on May 6 is shown in Figure 2 , which was gained with the use of the tape recorder. The ion sensor is P1 in sector 8 with its center of field of view at 13°with respect to the bulk flow velocity of the plasma. This E/Qspectrum exhibits a strong maximum at $500 V. The heavy ions are in the E/Q range of $2 to 20 kV with a peak at $8 kV. The reader will probably note that the ratio of this peak energy to that of hydrogen is 16, which identifies the M/Q of the heavy ). A good fit to the E/Q spectrum is shown in Figure 2 with a hydrogen density of 0.05 cm À3 and a temperature of 20 eV. Because the angular distributions of the convecting plasma are frequently similar to or smaller than the analyzer fields of view, the fits to the E/Q spectra are accomplished by dividing the analyzer fields of view into sets of smaller elements [Frank and Paterson, 2001a] . The number of such elements varied from 77 to 143, dependent upon the ion sensor. The fit in Figure 2 exhibits three heavy ion components with M/Q = 8 with 0.02 cm À3 , 10.7 with 0.02 cm
À3
, and 16 with 0.05 cm À3 , all with a temperature of 500 eV. These three ion groups presumably are O ++ at 8, S +++ at 10.7, and O + and S ++ at 16. The above E/Q spectrum was obtained at a Jovian radial distance of 25.3 R J and a local time of 0558. The composition is not grossly dissimilar to that reported previously for Voyager 1 observations at a radial distance of 19.8 R J in the dayside magnetosphere [McNutt et al., 1981] .
[12] For the survey of measurements reported here a M/Q = 16 is used in the computation of the plasma moments. This value introduces a tolerable uncertainty in the ion densities and bulk flow velocities. Hydrogen ions are excluded from the moments calculation by setting a lower E/Q threshold of 2 kV. The hydrogen ions are excluded from the moments calculation because their M/Q is much less than that of the heavy ions. The bulk flow velocity can be computed for the hydrogen ions and is in agreement with that independently determined for the heavy ions. If the hydrogen ion energies are lower, then the effects of spacecraft charging must be considered . The ion densities vary as (M/Q) 1/2 , and the bulk flow speed varies as (M/Q) À1/2 . The average M/Q for the E/Q spectrum shown in Figure 2 is 13.0. Thus the errors due to the assumed value of 16 are À0.01 cm À3 at a [13] The high-resolution measurements taken with the tape recorder for Figure 2 also provide the opportunity to investigate the effects of the decimation of the sampling of the velocity distributions during the real-time telemetry periods. As noted previously, this real-time coverage provides the major fraction of our survey. For the real-time data in mode RTS0 the sampling of the velocity distributions is reduced from eight to four azimuthal sectors around the spin axis and the number of E/Q passbands is decimated such that alternate interleaving samples are eliminated. All of the ion sensors are retained. The effects of this decimation are shown in Table 1for the tape-recorded velocity distribution taken at 1413 UT ( Figure 2 ). The ion densities N, temperatures T, flow speed V, longitude f, and latitude q of the flow vector in ecliptic coordinates are shown in Table 1 . It is seen that these parameters are robust to the decimation.
[14] This is also an appropriate place in the text to discuss the errors in the computation of temperatures due to errors in the distribution of ions with different M/Q values. It has been established from the analyses of Voyager 1 and Galileo plasma data that the most abundant heavy ions are characterized with M/Q values of 8, 10.7, 16, and 32 [Bagenal, 1994; Paterson, 2000, 2001b] . The maximum error in temperature occurs when the densities of the two major M/Q species are about equal. Then the error is comparable to the difference in their kinetic energies, i.e., ÁT ' 1/2 (M 2 À M 1 ) V 2 /Q. As an example, for M 2 /Q = 16 and M 1 /Q = 8, with V = 200 km s À1 in the magnetotail ÁT = 2 Â 10 7 K (1.7 keV). Beyond a radial distance of $30 R J the temperatures are >5 Â 10 7 K, and the above effect leads to an overestimate of the order of $50% or less. On the other hand, the maximum uncertainty in temperature is yielded by distributions, such as that in Figure 2 , which have lower temperatures. The moments computation gives a temperature of 1.3 Â 10 7 K (1.1 keV). The fit shown in Figure 2 for a flow speed of 300 km s À1 indicates that the temperatures of the three ions with M/Q = 8, 10.7, and 16 are $6 Â 10 6 K (500 eV). Thus the possible error in the determination of the temperature is about a factor of 2 if only a single ion is present. At lesser radial distances in the plasma torus the temperature errors due to a distribution of M/Q values are significantly less because ions with M/Q = 16 are dominant [Frank and Paterson, 2001b] .
[15] In addition to the thermal plasmas such as those shown in Figure 2 , there is also a hotter component that is detected in the E/Q range of tens of kV near the limit of the plasma analyzer. The presence of this hotter component is exhibited in Figure 3 .
These measurements were also obtained with the tape recorder during 1435 -1450 UT on May 6 at a Jovian radial distance of 25.2 R J . Sensor P1 in its azimuthal sector 8 is viewing into the plasma bulk flow direction. The ion peak centered at $10 kV is associated with the thermal plasma previously shown in Figure 2 . On the other hand, sensor P7 in its sector 8 in Figure 3 is viewing hot ions in the direction opposite to that of the plasma bulk flow. The angular distributions of these ions are consistent with those expected for hydrogen ions at a temperature of $20 keV and bulk speeds and densities of 300 km s À1 and 0.05 cm À3 , respectively. Hot hydrogen ions with similar characteristics have been previously detected with medium-energy charged particle instrumentation on Voyager 1 . These hot ions contribute a substantial energy density in this region of the magnetosphere.
[16] The survey of plasma parameters is given in Figure 4 . It is important to note that, for example, one ion density is plotted for a single crossing of the current sheet in Figure 4a . This density is the average of the three determinations of densities that are nearest to the current sheet crossing as determined by the reversal of direction of the radial component of the magnetic field. The temporal resolution of individual plasma measurements is determined by the rate of the real-time telemetry stream from the spacecraft. This temporal resolution is typically in the range of 5 -12 min. Inspection of Figure 4 shows that the telemetry coverage during May 5 through June 22 was remarkably good. Perijove is evident in the density profile as the number densities reach a maximum of $100 cm
. Beyond a radial distance of 50 R J the densities in the current sheet are typically in the range of 0.05 -0.1 cm À3 . The plasma temperatures are at a minimum of $5 Â 10 6 K at perijove and increase to values in the range of 5 Â 10 7 to 10 8 K beyond 50 R J .
[17] Inspection of the temperature profiles in Figure 4b during May 6 -9 finds that the ion temperatures exhibit alternate high ) and low values for the crossings of the current sheet. An active sector for sulfur ion emissions was previously reported for the System III longitude range of $180°to 230° [Pilcher and Morgan, 1985] . In order to investigate the possibility that the ion temperatures are correlated with System III longitude, the ion temperatures and this longitude are given in Table 2 . A strong correlation of temperature with longitude is observed. The ion temperatures at longitudes $290°are considerably greater than those at $110°. The near-equatorial plane of the Galileo orbit and the tilt of the magnetic dipole axis limit the ranges of longitude that can be sampled even though the local time of the orbit changes during the mission.
[18] Figures 4c -4e display the components of ion bulk flow in solar-ecliptic coordinates. The errors in densities and bulk flows due to counting statistics are given in Table 3 for two representative times. The Z components of the bulk flows in the current sheet are small and are representative of the statistical errors in the determination of flow components. During the period of May 10 -15 at radial distances in the range of 20 -30 R J in the premidnight sector, there are large, unsteady flows of plasmas up to 400 km s À1 with tailward directions. As the spacecraft subsequently moves outward from Jupiter, these flows become notably more quiescent. The X component generally is in the range of 0 -100 km s À1 with two exceptions. The first is the tailward flow of plasma at apojove at radial distances of $100 R J . The second exception is the persistent component of flow at 50 -100 km s À1 as the spacecraft returns to distances nearer the planet during June 19 -24. In Figure 4d it is apparent that the plasmas in the magnetotail exhibit a substantial negative Y component of bulk flow. This is directed toward local morning and is in the sense of corotation with the planet. This flow component is in the range of À50 to À100 km s À1 during May 15 -25 and increases in magnitude to À150 to À200 km s À1 by the end of the orbit. The scalar magnitude of bulk flows in the current sheet is given in Figure 4h .
[19] The components of ion bulk flows radially outward from Jupiter, V r , and in the corotation direction, V f , are shown in Figures 4f and 4g, respectively. It is of considerable interest to note that the bulk flow is directed along the corotational direction at perijove but that a substantial radial component appears at larger distances of >15 R J . This topic will be addressed further in a later plot. The plasma flows during May 18 to June 1 are significantly less than those for rigid corotation. During this period the radial component averages to $0 km s À1 , and the component in the direction of corotation is $50 km s
À1
. In other words, the flow is quite stagnant in the premidnight sector. This condition changes after the apojove tailward flows. During the June period when the spacecraft is in the early morning sector, the corotational component gradually increases to $200 km s À1 with a measurable radial component of $50 km s À1 directed outward from Jupiter. The future analysis of other orbits is necessary in order to establish this remarkable local time effect as a durable feature of the magnetotail.
[20] The magnetic field measurements with the magnetometer (MAG) are summarized in Figure 5 . For reference the ion densities and bulk flows in the x and y directions are replicated in Figures 5a -5c . The magnetic fields are given for positions outside of the current sheet. All magnetic field measurements for which the ratio of the plasma pressure to magnetic field pressure, b, is <0.1 are shown. These field measurements are averaged over 1-min intervals. In order to show the full range of the magnetic fields the absolute magnitudes are plotted on a logarithmic scale. At perijove the field is $400 nT and is characteristically 5 -10 nT in the magnetotail. The magnetic field components are given in solar-ecliptic coordinates (Figures 5d -5f ) and in the radial and corotational directions (Figures 5g -5h) . Figure 5i for the scalar magnetic fields shows that the magnitudes exhibit relatively small fluctuations in the magnetotail. Such fluctuations are often the signatures of dynamic variations in the solar wind pressures. The magnetic and plasma pressures are shown in Figure 4j in units of pascals. In the vicinity of perijove the magnetic pressure dominates over the plasma pressure by factors of $5, but for the Figure 6 . Continuation of Figure 4 with the components of the magnetic fields given in linear scales: (a) ion density, (b) ion bulk flow in the X direction, (c) ion bulk flow in the Y direction, (d -f ) components of the magnetic fields in solar-ecliptic coordinates, (g) magnetic field component in the radial direction, (h) magnetic field component in the corotational direction, and (i) scalar value of the magnetic field. Note that values for the magnetic fields inside a radial distance of 30 R J are off-scale and thus are not shown. magnetotail these pressures are closely equal. This equality of magnetic pressures in the lobe outside of the current sheet with the plasma pressures in the current sheet provides confidence that the bulk of the plasma pressure is being measured. The plasma b is displayed in Figure 5k and ranges from 1 to an impressive 100. This b is determined from simultaneous magnetic field measurements and the plasma observations at the current sheet crossing. Some of the variations in b can be due to rapid crossings of the current sheet relative to the time resolution of the measurements.
[21] In order to complete the record of plasmas and magnetic fields the vector components of the magnetotail fields are shown in Figure 6 . Again, the components are shown in solar-ecliptic coordinates in Figures 6d -6f , and the radial and azimuthal components are shown in Figures 6g -6h . The primary new feature to note is that the crossings consecutively alternate above and below the current sheet at the closer distances to Jupiter, and at the greater radial distances the crossings are confined to one lobe or the other for significant numbers of planetary rotations. This effect is probably due to a combination of thickening of the plasma sheet in which the current sheet is embedded and due to the larger lever arm for solar wind deflection of the magnetotail.
[22] The radial dependence of the thermal ion densities during May 4 to June 22 at the current sheet is shown in Figure 7a . These densities have been fitted for two radial distance ranges, <20 R J and >50 R J . Ion densities inside 20 R J vary steeply as R À6.90 whereas the radial dependence is quite shallow beyond 50 R J , R À1.28 . As shown in Figure 7b for these two radial distance ranges, the magnetic field amplitude outside of the current sheet for b < 0.1 varies as R À2.78 and R À1.19 for R< 20 R J and >50 R J , respectively. The variation inside the radial distance of 20 R J is not greatly dissimilar to that for a dipole field. The corresponding plasma and magnetic field pressures are given in Figures 8a and 8b , respectively, in units of pascals. The plasma pressure varies as R À4.71 and R À1.87 for R< 20 R J and >50 R J , respectively. The corresponding magnetic pressure is shown in Figure 8b and varies as R À5.56 and R À2.37 for R< 20 R J and >50 R J , respectively. The variations of plasma and magnetic field pressures are similar for R > 50 R J , when the relatively large fluctuations by factors of 3 among the individual samples are considered.
[23] It is of interest to further examine the ion parameters and magnetic fields in the vicinity of perijove. Figure 9 exhibits these data for the period centered on perijove at 9.3 R J at 1200 UT on May 8. For this plot all plasma and magnetic field measurements are shown regardless of their position within the current sheet. The vertical dashed lines indicate crossings of the current sheet. The radial distance extends to $26 R J on the inbound and outbound legs of the trajectory. The ion number densities and the temperatures are displayed in Figures 9a and 9b , respectively. The number densities decrease by a factor of $100 in the current sheet, and the temperatures increase by a factor of $10 with increasing radial distance. Figures 9c -9e show the radial and corotational components of the ion bulk flows, together with the ion bulk speed, respectively. Rigid corotational speed is given by the dashed lines in Figures 9d and 9e . The ion bulk flow is in the corotational direction, with small or no radial component inside of a radial distance of $16 R J . The corotational flow is substantial but only $60% of that corresponding to rigid corotational flow. At distances beyond 16 R J there is a substantial, fluctuating Figure 9i finds that the decreases are similar and in the range of 50 nT, and thus that the fractional decrease increases rapidly with increasing radial distance. The magnetic field magnitudes at the current sheet crossings are small at radial distances > 20 R J for which the corotational components in the current sheet increase to rigid corotational speeds.
[24] The plasma parameters and magnetic fields for a crossing of the current sheet and the adjacent regions are shown in Figure  10 . The crossing of the plasma sheet that contains the current sheet is centered at $1900 UT on May 10. Radial distance from Jupiter and local time of the spacecraft position are shown along the abscissa. The crossing of the current sheet is clearly seen in the profile of the magnetic field component B r in Figure 10f . As shown for the plasma parameters in Figures 10a -10e , the plasma sheet is crossed during 1800 -2000 UT with an increase of densities by a factor of $2 to 0.2 cm
À3
, with no change in temperature and with no readily identifiable changes in the bulk flow components.
[25] The 3-day snapshots of plasmas and magnetic fields shown in Figures 11 -13 record several types of temporal variability in the magnetotail. The density threshold for determination of the plasma parameters is 0.005 cm
. A dramatic change in the geometry of the plasma sheet as seen at the Galileo spacecraft is seen at $1200 UT on Figure 11c . The dramatic change in the signature of B x is due to the fact that the spacecraft does not penetrate into both the southern and northern lobes surrounding the plasma sheet. This change in geometry at the spacecraft could be simply due to a change in the direction of the solar wind. For an assumed plasma sheet thickness of 5 R J at a radial distance of 100 R J it would take only a 1°change in the elevation of the solar wind to sufficiently deflect Jupiter's magnetotail. The reader should note that such crossings are responsible for missing north-south cycles in the magnetometer record for the lobe in Figure 6d , for example, during June 1 -6. Figure 12 presents a situation for which the crossings are symmetric but for which the magnitude of the lobe magnetic fields decreases from B x = 10 nT to 6 nT. Such a variation could be accounted for by a decrease in plasma and/or magnetic field pressures in the solar wind.
[26] Figure 13 provides an example for which the temporal variation is likely to be due to a plasma instability in Jupiter's magnetotail. Inspection of Figure 13f shows that the spacecraft is positioned more or less symmetrically with respect to the current sheet. The magnetic field is increasing owing to motion of the spacecraft toward Jupiter. At the two crossings centered at $0900 UT on June 20 the Y component of bulk flows is substantial at about À200 km s
À1
. For the first crossing there is a large impulsive deflection of the magnetic field in the ÀZ direction as to be seen in Figure 13h . Large magnetic field fluctuations occur during these two current sheet crossings. These transient events may be indicative of large-scale instabilities in the current sheet. The current sheet becomes stable by the time of the next current sheet crossing, $6 hours later.
Summary and Discussion
[27] We have presented a survey of the thermal plasmas and magnetic fields during the Galileo orbit G08, which covered the period May 4 through June 22, 1997. This orbit traversed the magnetotail out to the apojove radial distance of 100 R J at a local time of 0121. Perijove was positioned in the outer region of the torus at a radial distance of 9.3 R J . There was marvelous, almost complete coverage of this orbit with real-time receipt of the spacecraft telemetry at Earth.
[28] The fields of view of the mass spectrometers in the plasma analyzer (PLS) did not view into the ion beams when their densities were sufficiently high to obtain a statistically reliable determination of the M/Q of the ions. However, the hydrogen ion beam was clearly detected in the E/Q spectra of the ions, which allowed determination of the constituents of the heavy ion portion of the flowing plasmas. An exemplary fit to these E/Q spectra at a Jovian radial distance of 25.3 R J reveals the M/Q of the primary heavy ion as 16 with lesser contributions from ions with M/Q = 8 and 10.7. Ions with M/Q = 16 are probably O + and S ++ , and those with 8 and 10.7 are O ++ and S +++ , respectively. The presence of these constituents is in agreement with the previous analyses of in situ and remote measurements of the torus at lesser radial distances with Voyager 1 [Bagenal, 1994] and with the findings in the dayside of the middle magnetosphere with the Voyager plasma instrumentation at 19.8 R J [McNutt et al., 1981] . Although the fiducial hydrogen distribution was not always detected along the magnetotail trajectory with the Galileo plasma analyzers, it is reasonable to assume that the average M/Q of the heavy ion distributions was 16 in the computation of the plasma moments, because their characteristic E/Q spectra were similar during the orbit with the expected large variations in number densities. This assumption introduced typical errors of $10% in the values of the number densities and bulk velocities when these quantities are determined from the observed three-dimensional velocity distributions with the standard computation of plasma moments [Krall and Trivelpiece, 1973] . 
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[29] It is noteworthy that there were three ion components detected with the plasma analyzer. The first of these components were the heavy ions, which were used to determine the ion densities and bulk velocities. The temperature of these ions was typically 500 eV. The second component was cool hydrogen ions with a temperature in the range of tens of eV. At a radial distance of 25 R J , for example, the number density of these hydrogen ions was in the range of 0.05 cm
À3
, and the total density of the heavy ions was 0.09 cm À3 . Of course, the mass density of these hydrogen ions was only $3% of the total mass density. In addition, there was a hot hydrogen ion distribution frequently detected at radial distances <50 R J . The temperature of these ions was in the range of 10 keV. These are probably part of the energetic ions reported by with the medium-energy charged particle detector on the Voyager spacecraft at energies above those of the Galileo plasma instrumentation. It is reassuring to note that computations of the bulk flows of each of the above three thermal plasmas detected with the Galileo plasma analyzer were mutually equal to within the accuracies of their determinations.
[30] The plasma bulk flows in the vicinity of perijove revealed several interesting dynamical features. The reader may desire to inspect Figure 9 for this summary. In the radial distance range of perijove at 9.0 R J to $18 R J the plasma is corotating but with a speed that is $60% of that expected for rigidly corotating plasmas with Jupiter's rotation. Various estimates of the radial distance for which coupling with the ionosphere is sufficient to maintain rigid corotation are available in the literature [Hill, 1979 [Hill, , 1980 Hill et al., 1981; Vasyliunas, 1994] . If the limiting distance is interpreted observationally as the distance for which significant radial flows of plasma commence, then the above analytical estimates of $20 R J are in reasonable agreement with the present measurements. Beyond $18 R J , significant radially outward flows in the range of 50 -200 km s À1 are detected with the Galileo plasma analyzer. In fact, in the radial distance of 18 -26 R J shown in Figure 9 , the plasma bulk flows at the current sheet crossing are equal to those expected for rigid corotation. The increase in plasma bulk flows and the large radial components, together with heating of the plasmas to temperatures of 10 8 K, strongly suggest that Figure 12. (a -i) Continuation of Figure 11 for the period June 9 through June 11, 1997. Note that the magnetotail field decreased at $1200 UT on June 10, concurrent with a sporadic increase of plasma flows in the Y direction.
acceleration of these plasmas is occurring at these radial distances both along the inbound and outbound segments of the orbit. This plasma acceleration may be associated with the system of X and O lines due to magnetic merging in the magnetotail as predicted by Vasyliunas [1983] . On the basis of magnetic field observations with the Galileo magnetometer, Russell et al. [1998] suggest that impulsive north and southward transients of magnetic fields in the current sheet at these radial distances are the signatures of localized reconnection in these regions. Indeed, energetic charged particle acceleration events that are qualitatively similar to those observed in Earth's magnetosphere are found at radial distances of $9 to 27 R J in Jupiter's magnetosphere . Energetic particle bursts observed at distances farther into Jupiter's magnetotail are also reported for Galileo mission Woch et al., 1999] .
[31] A convincing signature of an active sector in the Jovian magnetosphere at radial distances in the range of 9.3 -27 R J is reported for the present plasma observations with Galileo. The temperatures in this active sector of System III longitudes can be higher by factors of 2 -10 relative to those outside this sector (see Table 2 ). However, the present observations are limited by the geometry of current sheet crossings to two values of longitude, $110°and 290°, with maximum temperatures at 290°. Pilcher and Morgan [1985] have previously reported an active sector for sulfur ion emissions as located in the System III longitude range of $180°-230°. This bright sector for sulfur ion emissions has been extensively studied [Schneider and Trauger, 1995; Schneider et al., 1997] . These latter authors suggest that the brighter emissions are associated with a low T k in the active sector. Such an active sector has been recently confirmed with in situ thermal plasma measurements at lesser radial distances of 6 -8 R J in the torus, which exhibit higher ion densities off the equator in the active sector [Frank and Paterson, 2001b] .
[32] The scalar magnetic field in the radial distance range of 9 -20 R J is found to vary as R À2.78 and is similar to that expected for a Figure 13 . (a -i) Continuation of Figure 11 for the period June 19 through June 21, 1997. At these closer distances in the range of 60 R J the plasma sheet is considerably thinner than at the spacecraft apojove distances of $100 R J . Strong ion bulk flows of À200 km s À1 occur during the two current sheet crossings centered at 0900 UT on June 20, along with a transient magnetic deflection in the Z direction during the first crossing.
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SIA dipole magnetic field. At the larger radial distances this dependence decreases to R À1.19 . This value is not dissimilar to those reported for Voyager 1 and 2 and Pioneer 10, which ranged from R À1.36 to R À1.70 . These values are dependent upon the trajectory and the pressure in the nearby solar wind. Whereas the thermal plasma pressure is a factor of $10 less than the magnetic pressure at 9 R J , the thermal plasma pressure in the current sheet becomes equal to the magnetic pressure outside of the sheet at radial distances >30 R J . The observational equality of these two pressures is one of the major findings of the present investigation. The ratios of the plasma to magnetic pressures, b, within the current sheet are large and range from 1 to 100. Beyond 30 R J the number densities and the temperatures of the thermal plasmas are 0.05 -0.1 cm À3 and 0.5 -1 Â 10 8 K, respectively. These new findings for the thermal plasmas are significant in evaluating the stress balance in the Jovian current sheet, which lies beyond the torus. Estimations of these stresses from thermal plasmas and charged particles at higher energies have been given for the Voyager measurements Sands and McNutt, 1988; Paranicas et al., 1991] . The observational difficulty is that terms in the force balance equation require an accurate evaluation of the magnetic field geometry [Vasyliunas, 1983] . With the present work we have gained an understanding of the pressure balance in the magnetotail, which should be expected to be followed by future careful modeling of the magnetic fields in order to quantitatively assess the force balance.
[33] In the magnetotail the bulk flow speeds of the thermal plasmas range from $50 to 200 km s À1 and are significantly less than those expected from rigid corotation with Jupiter. Such speeds are consistent with the analysis of bulk flows from measurements of more energetic charged particles with the Voyager spacecraft [Kane et al., 1995] . The bulk flows of the thermal plasmas exhibit significant components in the corotational and outward radial directions. Inspection of the radial and corotational components of bulk flow in Figures 4f -4g finds that the flow is relatively stagnant in the premidnight sector when compared to those in the early morning sector of the magnetotail. A similar asymmetry in bulk flows has been reported by Krupp et al. [2001] with the assumption that the anisotropies of energetic ions observed with the Galileo energetic particle detector (EPD) are due to bulk flow. At apogee at 100 R J the flow changes to an antisunward flow of $200 km s
À1
, which is indicative of the magnetospheric ''wind'' reported by . The persistence of this magnetospheric wind will be tested with observations during other Galileo orbits. The mixing of solar wind with the hot magnetotail plasmas is found with Voyager 2 observations at radial distances in the range of 5000 -9000 R J [Sittler et al., 1987] .
[34] The current sheet crosses the position of the Galileo spacecraft in the magnetotail with the 10-hour periodicity of Jupiter's rotational period. The actual signature of this relative motion of the sheet with respect to spacecraft depends upon the geometry and dynamical motions of the sheet and its responses to the solar wind. Internal instabilities should also affect the apparent motion of the sheet. Considerations of these effects have been previously published for Voyager and Pioneer observations [Carbary, 1980; Behannon et al., 1981; Khurana, 1997] . The possibility of periodicities with longer periods of days has been suggested by Vasyliunas et al. [1997] and Woch et al. [1998] . Our purpose in this initial paper is to show three examples of these dynamical responses in the 10-hour rotational periodicity with suggested interpretations in terms of change in direction of the solar wind, a change in the solar wind pressure, and a transient instability with acceleration of plasmas in the plasma sheet.
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